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Abstract 

From the total cross section for the reaction e + e~ — * t + t~j at the Z\ pole and in the framework 
of a simplest little Higgs model (SLHM), we get a limit on the characteristic energy scale of the 
model /, / > 5.4 TeV, which in turn induces bounds on the electromagnetic and weak dipole 
moments of the tau-lepton. Our bounds on the electromagnetic moments are consistent with the 
bounds obtained by the L3 and OPAL collaborations for the reaction e + e~ — > T + r~ r y. We also 
obtained bounds on the tau weak dipole moments which are consistent with the bounds obtained 
recently by the DELPHI and ALEPH collaborations from the reaction e + e~ — > t + t~. 



PACS numbers: 13.40.Em, 14.60.Fg, 12.15.Mm, 12.60.-i 
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I. INTRODUCTION 



The production of tau-lepton pairs in high energy e + e collisions has been used to set 
bounds on its electromagnetic and weak dipole moments . In the Standard Model 

(SM) 0,0,3, the r anomalous magnetic moment (MM) a T = (g T — 2)/2 is predicted to 
be (a T )sM = 0.0011773(3) {§], 9] and the respective electric dipole moment (EDM) d T is 
generated by the GIM mechanism only at very high order in the coupling constant 10]. 
Similarly, the weak MM and EDM are induced in the SM at the loop level giving = 
— (2.10 + 0.61z) x 10~ 6 11, ]l2j anc df < 8 x 10- 34 ecm Q,Q. Since the current bounds 

ll, are well above the SM predictions, it has been pointed 
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231 ] . The couplings of the photon and Z gauge boson 



to charged leptons may be parameterized in the following form: 
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where V — 7, Z, mi is the lepton mass and q = p' — p is the momentum transfer. The 
g 2 -dependent form-factors Fi(q 2 ) have familiar interpretations for q 2 = 0: -^1(0) = Q t is the 
electric charge; ^(0) = af, and F 3 = dx/Q\. The weak dipole moments are defined in a 



similar way: F^iq 2 



m% 



JT and Fi(q 2 



m\ 



d^f fe. The measurement of and 



d^ has been done in the Z\ — > t + t decay mode at LEP. The latest bounds obtained for the 
electromagnetic and weak dipole moments from the DELPHI and ALEPH collaborations at 
the 95% C.L. are: -0.052 < a T < 0.013, -0.22 < d T (10- 16 ecm) < 0.45 and a™ < 1.1 x 10~ 3 , 
df < 0.50 x 10" 17 ecm ja, 4\. 

The first limits on the MM and EDM of the r lepton were obtained by Grifols and Mendez 
using L3 data [3]: a T < 0.11 and d T < 6 x 10~ 16 ecm. Escribano and Masso ]j| later used 
electroweak precision measurements to get d T < 1.1 x 10~ 17 ecm and —0.004 < a T < 0.006 
at the 2a confidence level. There is extensive theoretical work done in models beyond the 
SM that contribute to EDM of charged leptons. In Ref. 24j, the EDM of charged leptons 
are studied assuming that they have Gaussian profiles in extra dimensions. In [25[ the 
lepton EDM has been analyzed in the framework of the seesaw model. The electric dipole 
moments of the leptons in the version III of the 2HDM are considered in j^. The work 



271 ] was related to the lepton EDM in the framework of the SM with the inclusion of non- 
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commutative geometry. Furthermore, the effects of non-universal extra dimensions on the 
DM of fermions in the two Higgs doublet model have been estimated in Ref. S|- In 



29 



301 ]. limits on the electromagnetic and weak dipole moments of the tau-lepton in the 



framework of a left-right symmetric model (LRSM) and a class of E e inspired models with 
an additional neutral vector boson Zg have been analyzed. 

Theoretically, numerous new physics models are proposed with different roles of Higgs 



in the models. The little Higgs model (LHM) |3ll . l32j ] has been proposed for solving the 
little hierarchy problem. In this scenario, the Higgs boson is regarded as a pseudo Nambu- 
Goldstone boson associated with a global symmetry at some higher scale. Though the 
symmetry is not exact, its breaking is specially arranged to cancel quadratically divergent 
corrections to the Higgs mass term at 1-loop level. This is called the little Higgs mechanism. 
As a result, the scale of new physics can be as high as 10 TeV without a fine-tuning on 
the Higgs mass term. In these models, relatively light Higgs boson mass is due to its 
identity as a pseudo Goldstone boson of some enlarged global symmetries. Among various 
little Higgs models, the simplest little Higgs model (SLHM) [33|, |3J, [35] is attractive due to 
its relatively simple theory structure. Detailed discussions on SLHM can be found in the 



literature 



33, 
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35]. 



On the Z\ peak, where a large number of Z\ events are collected at e + e~ colliders, one 
may hope to constrain or eventually measure the electromagnetic and weak dipole moments 
of the t by selecting r + r~ events accompanied by a hard photon. The Feynman diagrams 
which give the most important contribution to the cross section from e + e~ — > t + t^^ are 
shown in Fig. 1. The total cross section of e + e~ — > t + t~7 will be evaluated at the Z\- 
pole in the framework of a simplest little Higgs model. The numerical computation for 



the anomalous magnetic and the electric dipole moments o 
collected by the L3 and OPAL collaborations at LEP 



36 



the tau is done using the data 



371 ] . We are interested in studying 



the effects induced by the effective couplings associated to the weak and electromagnetic 
moments of the tau lepton given in Eq. (1). For this purpose, we will take the respective 
anomalous vertices tt'j and ttZi, one at the time, in diagrams (1) and (2) of Fig. 1. The 
numerical computation for the respective transition amplitudes will be done using the data 
collected by these collaborations. 

Our aim in this paper is to analyze the reaction e + e~ — > t + t~7 in the Zj boson resonance. 



The analysis is carried out in the context of a simplest little Higgs model 33j, [34], [35] and we 
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attribute electromagnetic and weak dipole moments to the tau lepton. Processes measured 
in the resonance serve to set limits on the tau electromagnetic and weak dipole moments. 
First, using as an input the results obtained by the L3 and OPAL collaborations 3y, |37] 
for the tau MM and EDM in the process e + e~ — > t + t~7, we will set a limit on the SLHM 
energy scale / which is similar to that obtained th roug h oblique corrections [38|, as well as 
that obtained recently from the Z\ leptonic decay 35(. We then use this limit on / to get 
bounds on the weak dipole moments of the tau from the same L3/OPAL data. We have 
found that these limits are consistent with the new bounds obtained by the DELPHI and 



39|. 



ALEPH collaborations from the process e + e~ — > t + t~ 

This paper is organized as follows: In Sect. II we present the calculation of the cross 
section for the process e + e~ — > t + t~7 in a simplest little Higgs model. In Sect. Ill we 
present our results for the numerical computations and, finally, we present our conclusions 
in Sect. IV. 



II. THE TOTAL CROSS SECTION 



In this section we calculate the total cross section for the reaction e + e — > t + t 7 usinj 



the neutral current lagrangian given in Eq. (22) of Ref. 35| for the SLHM for diagrams 1 
and 2 of Fig. 1. The respective transition amplitudes are thus given by 
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where T a is the tau-lepton electromagnetic vertex which is defined in Eq. (1), while is 
the polarization vector of the photon. I (k) stands for the momentum of the virtual tau 
(antitau), and the coupling constants g l v and g l A with / = e,/i, r are given in Eq. (23) of 



Ref. 



35] 



The MM, EDM and the characteristic energy scale of the simplest little Higgs model / 
give a contribution to the differential cross section for the process e + e~ — > t + t~7 of the 
form: 



, + _ + _ i a 2 e 2 a 2 2 1 - 4x w + %x 2 w 

<r(e e ^r + r 7) = [ + d T }[ 
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487r L 4m2 rJL x 2 w {l-x w ) 2 
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(s - M 2 ) 2 + M 2 T 2 Zi 1 



[1 + \ fl-^ ^ E ^ dcOSe ^ (4) 
where xw = sin 2 #vi/, v is the vacuum expectation value and E y , cos# 7 are the energy and 
the opening angle of the emmited photon. 

2 

It is useful to consider the smallness of the factor (jz), to approximate the cross section 

2 2 2 2 

in Eq. (4) by its expansion in powers of (yj) to the linear term: a = + d 2 _)[A + B(j2) + 
0((js) 2 )], where A and B are constants which can be evaluated. Such an approximation for 
deriving the bounds of a T and d T is more illustrative and easier to manipulate. 
For (yj) < 1, the total cross section for the process e + e~ — > t + t~7 is given by 

^(e + e- - T+T- 7 ) = (g| + d 2 T )[A + S(^) + 0((^) 2 )], (5) 
where A explicitly is 

„2 1 /!„,___ 1 0^,2 



A = 



cr 1 - 4x w + 8a%. 



487T x 2 w {\-x w ) 2 
i (l-4x w + x 2 w )(s-2^TsE 1 ) + lE 2 sm 2 e, ^ 
[ ^MfJTMpJ ]E ^ d C ° S 
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while B is given by 
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The expression given for A corresponds to the cross section previously reported by Grifols 
and Mendez for the SM while B comes from the contribution of the SLHM. Evaluating 
the limit when the characteristic energy scale / — > oo, the second term in (5) is zero and 
Eq. (5) is reduced to the expression (4) given in Ref. [19]. 

In the case of the weak dipole moments, to get the expression for the differential cross 
section, we have to substitute the Z\ SLHM couplings given in Eq. (23) of Ref. [35] with 
the respective weak dipole moments included in Eq. (1), that is to say a^f = F^{q 2 = m 2 z ) 
and = eF^(q 2 = m%). We do not reproduce the analytical expressions here because 
they are rather similar to the term given in Eq. (4). In the following section we will present 



the bounds obtained for the tau dipole moments using 



the data published by the L3 and 



OPAL collaborations for the reaction e + e — ► r + r 7 [36 



III. RESULTS 



3- 



In practice, detector geometry imposes a cut on the photon polar angle with respect to 
the electron direction, and further cuts must be applied on the photon energy and mini- 
mum opening angle between the photon and tau in order to suppress background from tau 
decay products. In order to evaluate the integral of the total cross section as a function of 
the parameters of the SLHM, that is to say, /, we require cuts on the photon angle and 
energy to avoid divergences when the integral is evaluated at the important intervals of 
each experiment. We integrate over cos# 7 from —0.74 to 0.74 and E 1 from 5 GeV to 45.5 
GeV for various fixed values of the characteristic energy scale / = (1.7, 5.2, 5.4, 5.6, 7, 10) 



TeV (as illustrated in Fig. 2) according to Refs. [35j, |38j). Using the numerical values 
sm 2 6 w = 0.2314, M Zl = 91.18 GeV, T Zl = 2.49 GeV and m T = 1.776 GeV, we obtain the 
cross section o = a(f,a T ,d T ). 

In Fig. 2, we show the dependence of the total cross section for the process e + e~ — > t + t~^ 
with respect to the SLHM energy scale /. Using the data a = (1.472 ± 0.006 ± 0.020) nb 



Refs. 



20 



for the cross section, where the first error is statistical and the second is 



systematic, we get the following limit for /: 

/ > 5.4 TeV, (8) 



which is consistent with that obtained through oblique corrections 



381 ] . as well as that 
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obtained recently from an ana^ 
As was discussed in Ref. 



ysis on the decay width Y{Z\ — > e + e ) [35]. 



33, 



40|, we 



37j. N ~ a(f,a T ,d T )C, using Poisson statistic 
require that N rs a(f,a T ,d T )£ be less than 1559, with C = 100 pb -1 , according to the 
data reported by the L3 collaboration Ref. [37| and references therein. Taking this into 
consideration, we can get a bound for the tau magnetic moment as a function of / with 
d T = 0. The values obtained for this bound for several values of / are included in Table 
1. The previous analysis and comments can readily be translated to the EDM of the tau 
with a T = 0. The resulting bounds for the EDM as a function of / are shown in Table 1. 
As expected, the limits obtained for the electromagnetic dipole moments of the tau lepton 
are consistent with those obtained by these collaborations from the data for the process 



e + e 



36 



37] 



f(TeV) 


a T 


d T (10- 16 ecm) 


1.7 


0.0490 


2.800 


5.2 


0.0511 


2.855 


5.4 


0.0512 


2.856 


5.6 


0.0513 


2.857 


7 


0.0514 


2.858 


10 


0.0515 


2.860 



Table 1. Bounds on the a T MM and d T EDM of the r- lepton for different values of the 
characteristic energy scale of the model /. We have applied the cuts used by L3 for the 

photon angle and energy. 



The bounds for the weak dipole moments of the tau-lepton according to the data from 



the L3 and OPAL collaborations 



36 



37| for the energy and the opening angle of the photon, 



as well as the luminosity and the event numbers, are given in the Table 2. As we can see, 
the use of the limit obtained for the / characteristic energy scale of the model also induces 
bounds for the tau weak dipole moments, which are already consistent with those bounds 
recently obtained by the DELPHI and ALEPH collaborations in the process e + e~ — > t + t~ 

differ by about a factor 



,|4j. Our results in Table 2 for / = (1.7, 5.2, 5.4, 5.6, 7, 10) TeV 
of two of the bounds obtained by the DELPHI and ALEPH collaborations for the weak tau 
dipole moments our analysis is not sensitive to the real and imaginary parts of 



these parameters separately. In order to improve these limits it might be necessary to study 



direct CP- violating effects 0, |42] 



f(TeV) 


a w (10~ 3 ) 


d w (lQ~ 17 ecm) 


1 7 


Z.UZU 


1 1 91 


5.2 


2.052 


1.138 


5.4 


2.053 


1.139 


5.6 


2.054 


1.140 


7 


2.055 


1.141 


10 


2.056 


1.142 



Table 2. Bounds on the anomalous weak MM and djf weak EDM of the r-lepton for 
different values of the characteristic energy scale of the model /. We have applied the cuts 

used by L3 for the photon angle and energy. 

We plot the total cross section in Fig. 3 as a function of the characteristic energy scale 
of the model / for the bounds of the magnetic moment given in Table 1. In Fig. 3, for 
/ = 10 TeV we reproduce the data previously reported in the literature. Our results for 
the dependence of the differential cross section on the photon energy versus the cosine of 
the opening angle between the photon and the beam direction (0 7 ) are presented in Fig. 4 
for / = 5.4 TeV and a T = 0.0512. Besides we plot the differential cross section in Fig. 5 
as a function of the photon energy for the bounds of the magnetic moments given in Table 
1. We observe in this figure that the energy distributions are consistent with those reported 
in the literature. Finally, we find that the effects induced by the tree level Z\e + e~ and 
Z\t + t~ couplings in the SLHM increase the cross section of the process e + e~ — > t + t - 7, 
and the predictions on the electromagnetic and weak dipole moments of the tau lepton are 
better estimated. However, it is necessary to make an analysis at loop level for the process 



e T e 



t + t 7 in the context of a little Higgs model. 



IV. CONCLUSIONS 



We have determined limits on the electromagnetic and weak dipole moments of the tau- 
lepton using the data published by the L3 and OPAL collaborations for the e + e _ — > t + t~7 
at the Z\ pole. We were able to get limits on the weak dipole moments by constraining the 

8 



SLHM energy scale / from the electromagnetic dipole moments obtained by these collab- 
orations. We then used this limit to determined bounds on the electromagnetic and weak 
dipole moments of the tau lepton using the data published by the L3 and OPAL collabora- 
tions for the process e + e~ — ► t + t~7. In addition, we obtained bounds for the weak dipole 
moments similar to those obtained recently by the DELPHI/ ALEPH collaborations from 
the process e + e~ — > t + t~ J^, 4]. In particular, from the limit / — > oo, our bound take the 



value previously reported in Ref. 



19fl for the SM. As far as the weak dipole moments are 



concerned, our limits given in Tables 1 and 2 are consistent with the experimental bounds 
obtained at LEP with the two-body decay mode Z\ — > t + t~ pj. In addition, the analytical 
and numerical results for the total cross section have never been reported in the literature 
before and could be of relevance for the scientific community. 
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FIG. 1: The Feynman diagrams contributing to the process e + e — > t + t 7 in a simplest little 
Higgs model. 
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FIG. 2: The curves show the shape for a(e + e — * t + t 7) as a function of the energy scale /. 
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FIG. 3: The total cross-section for e + e — ► r + r 7 as a function of the characteristic energy scale 
/ and a T (Table 1). 
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